Rapid and marker-free refactoring of xylose-fermenting yeast strains with Cas9/CRISPR.
Genomic integration of expression cassettes containing heterologous genes into yeast with traditional methods inevitably deposits undesirable genetic elements into yeast chromosomes, such as plasmid-borne multiple cloning sites, antibiotic resistance genes, Escherichia coli origins, and yeast auxotrophic markers. Specifically, drug resistance genes for selecting transformants could hamper further industrial usage of the resulting strains because of public health concerns. While we constructed an efficient and rapid xylose-fermenting Saccharomyces cerevisiae, the engineered strain (SR8) might not be readily used for a large-scale fermentation because the SR8 strain contained multiple copies of drug resistance genes. We utilized the Cas9/CRISPR-based technique to refactor an efficient xylose-fermenting yeast strain without depositing any undesirable genetic elements in resulting strains. In order to integrate genes (XYL1, XYL2, and XYL3) coding for xylose reductase, xylitol dehydrogenase, and xylulokinase from Scheffersomyces stipitis, and delete both PHO13 and ALD6, a double-strand break formation by Cas9 and its repair by homologous recombination were exploited. Specifically, plasmids containing guide RNAs targeting PHO13 and ALD6 were sequentially co-transformed with linearized DNA fragments containing XYL1, XYL2, and XYL3 into S. cerevisiae expressing Cas9. As a result, two copies of XYL1, XYL2, and XYL3 were integrated into the loci of PHO13 and ALD6 for achieving overexpression of heterologous genes and knockout of endogenous genes simultaneously. With further prototrophic complementation, we were able to construct an engineered strain exhibiting comparable xylose fermentation capabilities with SR8 within 3 weeks. We report a detailed procedure for refactoring xylose-fermenting yeast using any host strains. The refactored strains using our procedure could be readily used for large-scale fermentations since they have no antibiotic resistant markers.